Objective: The aim of this prospective multicenter study was to define a scoring system for the prediction of tumor recurrence after potentially curative surgery for gastric cancer. Summary Background Data: The estimation of the risk of recurrence in individual patient may be relevant in clinical practice, to apply adjuvant therapies after surgery, and plan an adequate follow-up program. Only a few studies, most of which were retrospective or performed on a limited number of patients, have developed a prognostic score in patients with gastric cancer. Methods: A total of 536 patients who underwent UICC R0 resection between 1988 and 1998 at 3 surgical departments in Italy were considered. All patients were followed up using a standard protocol after discharge from the hospital. The mean follow-up period was 56 Ϯ 44 months, and 94 Ϯ 29 months for surviving patients. The scoring system was calculated on the basis of a logistic regression model, where the presence of the recurrence was the dependent variable, and clinicopathologic variables were the covariates. Results: Recurrence occurred in 272 of 536 patients (50.7%). The scoring system for the prediction of the risk in individual cases gave values ranging from 1.4 to 99.9; the model distributed most cases in the extremes of the range. The risk of recurrence increased remarkably with score values; it was only 5% in patients with a score below 10, up to 95.4% in patients with a score of 91 to 100. No recurrence was observed in 43 patients with a score below 4, whereas all of the 56 patients with a score over 97 presented a recurrence. The model correctly predicted recurrence in 227 of 272 patients (sensitivity, 83.5%), whereas the absence of recurrence was correctly predicted in 214 of 264 patients (specificity, 81.1%); the overall accuracy was 82.2%. Prognostic score was clearly superior to UICC tumor stage in predicting recurrence. The high effectiveness of the score was confirmed in preliminary data of a validation study.
G astric cancer, despite its declining incidence, is still one of the most common causes of death by cancer in Western countries. Surgery is the main method of treatment, and in about two thirds of the patients who have undergone surgery it can be defined as "curative," ie, without microscopic or macroscopic residual tumor. 1, 2 However, in many cases recurrence can occur, through several patterns of dissemination (locoregional, hematogenous, peritoneal). At present, no effective therapy exists for recurrent gastric carcinoma; for this reason, the estimation of the risk of recurrence in individual patients may be relevant in clinical practice, to apply adjuvant therapies after surgery, and to plan an adequate follow-up program. A more correct definition of prognosis may be also useful in clinical research, to stratify subgroups with the same risk when analyzing the effectiveness of different treatments.
Numerous studies have investigated the role of patientrelated, tumor-related, or treatment-related factors in the prognosis of patients curatively resected for gastric cancer. Depth of tumor invasion and nodal involvement are considered the most important prognostic factors; patients operated on for early gastric cancer have an excellent probability of long-term survival, whereas in patients with serosal involvement and lymph node metastasis prognosis is very poor. [3] [4] [5] [6] [7] Other potential prognostic factors play a role in affecting prognosis above all in the intermediate stages of the disease. 8, 9 However, it is difficult to assess the overall impact of the different prognostic factors on individual patients; this is only possible by using a statistical model that takes into account all variables considered, by assigning a risk score to each patient.
The aim of the present prospective study was to build a statistical model for the definition of the risk of recurrence after potentially curative surgery for primary gastric cancer, using a set of variables commonly applied in clinical practice; a population of patients submitted to follow-up examinations according to a standard protocol was taken into consideration.
MATERIALS AND METHODS

Selection of Patients
For the calculation of the score, we selected 536 patients (study group) who underwent resection for primary gastric cancer between January 1988 and June 1998 at 3 surgical departments in Italy (Department of General Surgery and Surgical Oncology, University of Siena; First Division of General Surgery, University of Verona; and First Department of Surgery, "Morgagni" Hospital in Forlì), all part of the Italian Research Group for Gastric Cancer (IRGGC). Patient population consisted of 339 males and 197 females (mean age, 65 Ϯ 11 years; range, 23-86 years).
The following criteria were adopted for including patients in the study group: 1) potentially curative surgery, defined as the absence of tumor residuals at intraoperative macroscopic examination and microscopic examination of resection margins (Union Internationale Contre le Cancer ͓UICC͔ R0 resection) 1 ; cases presenting systemic metastases were excluded, even if removable by radical surgery; 2) patients who gave their informed consent and underwent complete periodical follow-up examinations, all according to the same protocol (minimum 5 years in surviving patients); and 3) absence of second primitive malignancies prior to surgery or during follow-up. Patients who died of postoperative complications or other causes during follow-up were also excluded from the study.
Patients operated on between July 1998 and December 1999 were considered for a preliminary validation of the score (validation group). In this period, at the 3 centers, 169 patients were operated for primary gastric cancer. We excluded from the study 30 patients who underwent noncurative surgery, 13 patients who died of causes other than tumor recurrence or developed second primitive malignancies, and 4 patients who were lost at follow-up; as such, 122 patients were selected.
Surgical Treatment
In all patients, a careful preoperative staging of the neoplasm was performed. This included upper digestive endoscopy and biopsy, chest x-ray, liver ultrasound, and abdominopelvic computed tomography scan. After laparotomy, a complete examination of the peritoneal cavity and liver was performed.
For tumors located in the middle and lower third of the stomach, a subtotal gastrectomy was generally preferred, provided that a distance of at least 5 cm between the proximal resection margin and the neoplasm was maintained; in the remaining cases, the entire stomach was removed. An intraoperative frozen section of the surgical resection line was examined histologically in cases of doubt. Gastrectomy was always completed by the removal of the greater omentum and perigastric lymph nodes; the type of lymphadenectomy was classified prospectively according to the criteria described by the Japanese Research Society for Gastric Cancer. 10 In patients submitted to extended lymphadenectomy, a complete bursectomy was also performed. A median of 12 lymph nodes (range, 3-51 lymph nodes) were removed by limited lymphadenectomy (D1) and 39 lymph nodes (range 7-112) by extended lymphadenectomy (D2-D3). For reconstruction, the Roux-en-Y (after total gastrectomy) and Billroth II (after subtotal gastrectomy) techniques were preferred.
None of the patients included in this study received adjuvant chemo/radiotherapy.
Tumor Classification
The resected specimen was processed by the surgeon and the pathologist according to the criteria described by the Japanese Research Society for Gastric Cancer. 10 Diameter of the tumor and location were classified accordingly; tumor location was considered "diffuse" if the entire organ was involved. Each lymph node station was removed and classified either during the operation or from the resected specimen immediately afterward; single lymph nodes were retrieved by the surgeon from the fresh specimen and then submitted to histopathologic examination.
Tumor invasion (T) and lymph node (N) classifications followed UICC criteria. 1 Histologic type was classified as intestinal or diffuse-mixed, in accordance with Lauren's classification.
Follow-up
All patients, following discharge from the hospital, were subjected to regular outpatient follow-up examinations. 11 These included a clinical checkup, hematological analysis, tumor marker assays (CEA, CA 19 -9) (at each examination), abdominal ultrasonography and chest x-ray (every 6 months), digestive endoscopy (every year), computed tomography of the abdomen (in the case of suspected recurrence of disease or increase of tumor markers above pathologic levels), and bone scintigraphy (in the case of suspected bone metastasis). The diagnosis of the recurrence was established on the basis of imaging studies or intraoperative and biopsy findings in cases of reoperation. Computed tomography of the abdomen was always performed after diagnosis of recurrence to complete staging. The type of recurrence was classified as hematogenous, peritoneal, or locoregional, taking into consideration the first site of relapse. The follow-up of the study group was closed in June 2003. Cases that were classified as disease-free at the last follow-up examination presented completely normal results for all imaging studies as well as normal tumor marker levels. The mean follow-up period was 56 Ϯ 44 months (range, 2-158 months) for the entire patient population (including deceased patients) and 94 Ϯ 29 months (range, 60 -158 months) for cases classified as disease-free.
The follow-up of the validation group was closed in April 2004. The mean follow-up period was 39 Ϯ 22 months (range, 3-68 months) for all patients and 58 Ϯ 7 months (range, 42-68 months) for disease-free patients.
Statistical Analysis
Numerical variables were expressed as the mean Ϯ SD of the mean, if not otherwise specified. Pearson's 2 test and t test were used for the association between clinicopathologic variables and recurrence. Cumulative risk of recurrence was calculated using the Kaplan-Meier method (1 Ϫ survival), considering the presence of recurrence as the end point.
For the computation of the score in the study group, a logistic regression model was built; the presence of the recurrence was the dependent variable, whereas clinical and pathologic variables were considered as numerical or categorical covariates. Numerical covariates were age (per year) and tumor size (per cm). Categorical covariates, with the corresponding category and code, were: gender (female ϭ 0, male ϭ 1); tumor location (lower third ϭ 0, middle third ϭ 1, upper third ϭ 2, diffuse ϭ 3); Lauren histotype (intestinal ϭ 0, diffuse-mixed ϭ 1); depth of invasion (pT1 ϭ 0, pT2 ϭ 1, pT3-T4 ϭ 2); nodal status (pN0 ϭ 0, pN1 ϭ 1, pN2 ϭ 2, pN3 ϭ 3); type of gastrectomy (partial ϭ 0, total ϭ 1); extent of lymphadenectomy (limited ϭ 0; extended ϭ 1). The code "0" was assigned to the reference category. In the statistical program, the contrast for the comparison of categories was defined as "simple"; as such, each category of the predictor variable (except the reference category) was compared with the reference category.
The parameters of the model were estimated using the maximum-likelihood method. Significant variables were included in the model by means of the forward stepwise selection: starting with a model containing only the constant, at each step the variable with the smallest significance value entered the model, with a default level of P Ͻ 0.05. Significance value of each factor was reassessed at each step; if a variable in a forward stepwise block exceeded a significance level of 0.1, it was removed form the model. Removal testing was based on the probability of the likelihood-ratio statistic.
The final model generated a set of independent prognostic variables, with their ␤ regression coefficients, standard error (SE) of the coefficients and P values. The fit of the model was verified by the Hosmer and Lemeshow goodness-of-fit test.
The probability of the event (recurrence) was estimated by the formula:
where e is the base of natural logarithm and Z is the result deriving from the logistic regression equation:
c is the constant of the logistic regression model, and X 1. . .p are the independent variables identified by the model, with their regression coefficients (B 1. . .p ). 12, 13 With this method, we were able to estimate the probability of recurrence for each patient; the formula was included in a database, and the risk of recurrence calculated automatically.
The Statistical Package for the Social Sciences software (version 8.0) (SPSS, Chicago, IL) was used for statistical analysis.
RESULTS
Tumor Recurrence
Recurrence of gastric cancer during the follow-up was detected in 272 (50.7%) of 536 patients included in the study group; 127 patients (23.7%) showed locoregional recurrence, 92 patients (17.2%) hematogenous metastases, and 87 pa- tients (16.2%) peritoneal dissemination; in 42 of 536 patients (7.8%), recurrence occurred at multiple sites ( Table 1 ). The cumulative risk of recurrence in the study group is represented in Figure 1 . Mean time to recurrence in 272 recurrent patients was 19 Ϯ 17 months (range, 2-96 months). In most cases (201 of 272, 73.9%), recurrence occurred within 2 years after surgery; in only 9 cases (3.3%), it was found after 5 years following surgery.
Risk Factors for Recurrence
The association between clinicopathologic variables and recurrence in the study group is reported in Table 2 . All of the variables analyzed, with the exception of lymph node dissection, were related to the risk of relapse, with various levels of statistical significance. Recurrences were particularly frequent in the upper third or a diffuse tumor location, neoplasms involving the serosa, and when there was a pN2 or pN3 nodal status; on the contrary, they were rare in early forms and in node-negative patients. Multivariate analysis of prognostic variables was performed by means of a logistic regression model, as previously described. The final model identified nodal status, depth of invasion, extent of lymphadenectomy, tumor location, and advanced age as independent predictors of recurrence; the corresponding ␤ regression coefficients, SE of the coefficients, and P values are reported in Table 3 . The Hosmer and Lemeshow goodness-of-fit test of the final model was P ϭ 0.948, thus indicating that the model fit the data very adequately.
Computation of the Score
From the results of the logistic regression model, the coefficient Z was calculated as:
The value of parametric variables was 0 (negative) or 1 (positive), whereas age was considered as a continuous variable.
For each patient, the value of the coefficient Z obtained was included in the formula:
(e Z /1 ϩ e Z ) ϫ 100 which gives risk values ranging from 0 to 100.
Score values were obtained for all patients included in the study group. The mean value of the score was 50.7 Ϯ 35.3 (range, 1.4 -99.9). The distribution of the score is reported in Figure 2 ; values were stratified into 10 subgroups. The model distributed most cases in the extremes of the range; 170 cases (31.7%) were classified below 20, and 171 (31.9%) over 81. Only a few patients were located in the middle of the range, ie, in the groups with an intermediate risk of recurrence.
Scoring System and Recurrence
An internal validation of the score was performed in the study group. The model correctly predicted recurrence in 227 of 272 patients (sensitivity, 83.5%), whereas the absence of recurrence was correctly predicted in 214 out of 264 patients (specificity, 81.1%); the overall accuracy was 82.2%.
Mean score values in patients with recurrence and disease-free patients were 75.4 Ϯ 25.1 (range, 4.1-99.9) versus 25.4 Ϯ 24.9 (range, 1.4 -96.9), respectively (P Ͻ 0.001). The relationship between score values and follow-up time is reported in Figure 3 . Most patients with high score values presented a recurrence with a short time interval. No recurrence was observed in 43 patients with a score below 4 (with a mean follow-up time of 95 Ϯ 31 months; range, 61-158 months). On the contrary, all of the 56 patients with a score higher than 97 recurred, with a mean time interval of 12 Ϯ 9 months (range, 2-37 months). The incidence of recurrent cases according to score strata is reported in Figure  4 . The risk of recurrence increased remarkably with score values; it was only 5% in 100 patients with a score of 0 to 10 and 95.4% in 108 patients with a score of 91 to 100. Only 2 patients out of 59 (3.4%) with a score below 5 presented a recurrence. Figure 5 shows the predicted risk of recurrence according to score values in the study group.
To evaluate the effectiveness of the scoring system in predicting recurrence compared with UICC staging system, a multivariate analysis was performed, including recurrence as a dependent variable and score and stage as covariates. Only score level proved to be statistically significant (coefficient:
Cumulative risk of recurrence (Kaplan-Meier method) in 536 patients submitted to curative surgery for gastric cancer (study group). The estimated risk of recurrence (Ϯ standard error) was 49% Ϯ 2% at 5 years and 52% Ϯ 2% at 10 years after surgery. The number of patients at risk in each subperiod is indicated in the table.
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Annals of Surgery • Volume 241, Number 2, February 2005 5.70, SE: 0.43, P Ͻ 0.001), whereas tumor stage did not prove to be a significant predictive variable (P ϭ 0.828).
Preliminary Validation Data
A preliminary evaluation of effectiveness of the score was conducted in 122 patients who underwent potentially curative surgery between July 1998 and December 1999 (validation group), a different patient population with respect to patients considered for the computation of the score. Of the 122 patients considered, 59 (48.4%) developed a tumor recurrence, with a mean time interval of 18 Ϯ 11 months (range, 3-48 months). Locoregional recurrence was found in 24 patients (19.7%), peritoneal recurrence in 20 patients (16.4%), and hematogenous metastases in 23 patients (18.9%); recurrences were multiple in 8 patients (6.6%). The distribution of the score in the validation group and the concordance between predicted and observed risk of recurrence are shown in Figure 6 . Similar to the study group, most patients were classified in the extremes of the range: 41 cases (33.6%) were classified below 20 and 36 (30%) over 81. Score level was 21.9 Ϯ 22.6 (range, 1.8 -85.9) in disease-free patients versus 78.3 Ϯ 23 (range, 13.2-100) in patients with recurrence (P Ͻ 0.001). No recurrence was observed in patients with a score below 13, whereas all patients with a score over 86 recurred.
The model correctly predicted the presence of recurrence in 52 of 59 patients (sensitivity, 88.1%), whereas the absence of recurrence was predicted in 53 of 63 patients (specificity, 84.1%); overall accuracy was 86.1%.
To compare the prognostic value of the score with respect to UICC staging system in the validation group, a multivariate analysis was performed. Only score level proved to be a significant predictive variable (coefficient, 7.07; SE, 1.10; P Ͻ 0.001), whereas UICC tumor stage did not (P ϭ 0.508). 
DISCUSSION
The definition of the probability of recurrence in individual patients submitted to curative surgery for gastric cancer is a complex issue. Numerous studies focusing on the potential prognostic factors have been published in the literature; in most of them, pT and pN stage are considered variables with the strongest influence on the risk of recurrence. 2, [4] [5] [6] Many other variables, either used in a clinical routine or investigated by complex biologic-molecular analysis, were indicated as predictors of patient prognosis. 3,8,9,14 -17 The utility of the scoring system consists of the possibility to simultaneously consider a set of variables to assign a risk score to an individual patient. The use of statistical models to predict recurrence has been increasing in clinical oncology. 13, 18, 19 The main characteristics of the present study conducted by the IRGGC were as follows: 1) a prospective evaluation of patients submitted to radical surgery and periodical follow-up examinations according to a standard protocol, with a long follow-up time for survivors; 2) the analysis of patient-, tumor-and treatment-related variables commonly used in clinical practice; 3) the end point of the study (clinically assessed recurrence of the tumor, rather than survival time obtained from patient records, family physicians or demographic services); and 4) the linear definition of the risk of recurrence applicable to individual patients, rather than the inclusion in a risk category. All of our patients underwent a careful preoperative and intraoperative clinical staging of the disease; the classification of surgical treatment, lymph node dissection, and pathologic variables followed standard criteria. Recurrence of gastric cancer was identified in about half of our patients. Our data confirm that most recurrences occur within 2 years after surgery, and recurrence is a rare event after 5 years. 5, 20 Nodal status and depth of invasion were the most important predictors of poor prognosis in the study group; a very high risk coefficient was associated with pN3 status, and only 1 of the 48 patients with more than 15 lymph nodes involved remained disease-free. Advanced age and upper third location also increased the risk of recurrence. Location of tumor in the proximal third has been shown by other authors to be an independent negative prognostic factor. [21] [22] [23] The influence of advanced age on outcome has not been well clarified 2, 24 ; several studies have suggested that the poorer prognosis of aged patients may be related to a higher propensity to develop hematogenous metastases. 5, 11, 25 A reduction in the risk of recurrence was associated with extended lymph node dissection. The effectiveness of lymph node dissection in surgical treatment of gastric cancer patients is a debated issue, with conflicting results reported by prospective randomized and observational studies. 2, 26, 27 Previous studies conducted by our group indicated a survival benefit after D2-D3 lymphadenectomy. 11, 28 In the present study, the Will Rogers phenomenon (stage migration) might have affected the results of multivariate analysis; however, to define patient prognosis, our model provides an estimation of the risk of recurrence according to the extent of lymphadenectomy, whether related to the quality of treatment or to a more correct staging of the disease.
The variables identified as influencing prognosis, and their pertinent coefficient risk, were included in a statistical model, to predict the risk of recurrence in individual patients.
In this model, most patients were distributed in the extremes of the range; as such, a large proportion of patients were classified as having a very low or very high risk of recurrence after potentially curative surgery. In the study group, a high correspondence between the score and prognosis was observed. Only 5 of 100 patients (5%) with a score below 10 and 11 of 70 patients (15.7%) with a score of 11 to 20 presented a recurrence. No recurrence was observed in 43 patients with a score below 4. On the contrary, a very high risk of recurrence was observed in patients with score values over 71. All 56 patients with a score over 97 presented a recurrence with a short time interval after surgery.
These findings were also confirmed in preliminary data of a validation study. A very high correspondence between predicted and observed risk of recurrence, and even in the distribution of the score was found in 122 patients of the validation group. Overall accuracy was even higher with respect to values observed in the internal validation performed on the study group. All patients with a score level over 86 recurred, whereas all patients with a score below 13 remained disease-free. Multivariate analysis confirmed the superiority of the score with respect to UICC staging system. However, we underline that these are only preliminary data performed in a small group of patients; furthermore, the follow-up period was lower with respect to the study group. Annals of Surgery • Volume 241, Number 2, February 2005 Prognostic Score for Gastric Cancer An external validation of the score in a larger group of patients is essential for the clinical application of our model. For this reason, several other centers of the IRGGC entered the validation study in January 2001. Final results of this study will be probably available in 2007. Similar validation studies might be performed in other institutions in the world. If the results of these studies will confirm the effectiveness of the score, this could be applied in a clinical setting. Postoperative therapies and follow-up programs may be individualized to single patients; patients with a score below 4 may be considered at no risk and excluded from follow-up programs. On the contrary, in patients with high score levels, surgical treatment should be considered "noncurative," and patients should be submitted to postoperative therapies to slow the progression of the disease. At present, no adjuvant radio/chemotherapeutic protocols have demonstrated a clear benefit in gastric cancer, and this limits the clinical utility of the prognostic score. 29 The utility may be clinically higher if new effective adjuvant therapies are developed.
Even in our model, some cases (95 patients with a score of 31-60, equal to 17.7% of the total population of the study group) were associated with an intermediate risk (37.1%-52.5%). In these patients, the prediction of outcome after surgery remains a problem; the prognostic value of new biologic markers may be higher in these cases. Our study may be useful in identifying subgroups of patients who may clinically benefit from biologic research on gastric cancer.
Another limitation of our study is the difficulty in the prediction of the exact site of tumor recurrence. We tried to develop different models for the prediction of each type of recurrence (peritoneal, locoregional, hematogenous), considering the type of recurrence as the dependent variable. The 3 models had a fairly good sensitivity for the single pattern of relapse but a very low specificity (data not shown). For example, patients with a high risk to develop locoregional recurrence had a similar high risk to develop hematogenous metastases. As such, in our opinion, it is difficult to predict the exact site of recurrence with the parameters at present available in clinical routine. Probably, the analysis of additional variables (peritoneal cytology, new molecular markers, and above all biologic characteristics of the tumor) might allow in the future a more correct prediction of tumor spread after radical surgery for gastric cancer. 17, 30 In several studies, mathematical models designed to predict the prognosis of gastric cancer patients have been developed. 17, [31] [32] [33] [34] The first scoring system was described by Marubini et al. 31 Interestingly, in their study, the significant variables identified by multivariate analysis were in accordance with our findings (pT stage, nodal status, age, tumor location); however, the extent of lymphadenectomy was not included in their analysis, and nodal status was defined as "N-negative" or "N-positive." The definition of the relative risk associated with the level of nodal involvement according to the latest UICC TNM classification is essential for a better definition of prognosis after surgery for gastric cancer. 35 Kologlu et al reported a prognostic score based upon a lot of different variables. 33 However, that study included a limited number of subjects (128 patients), and an R0 resection was performed in only 35% of the cases; the prognosis of patients after noncurative surgery is invariably poor, independently of the influence of clinical and pathologic variables. 2, 4, 6 Furthermore, in their study, patients were classified into 3 risk groups, and most of them (47%) were located in the group with an intermediate prognosis.
The score proposed by Inoue et al is based upon cDNA microarray analysis, and at present it is difficult to apply in a clinical setting. 17 Similar difficulties can be found in the score proposed by Victorzon et al, who included in their analysis Sialyl Tn antigen and ploidy of tumor cells. 32 A retrospective study conducted on a large number of patients at Memorial Sloan Kettering Cancer Center in New York was recently reported. 34 The end point of that study was tumor-related death of patients, and it allowed a good estimation of 5-year and 9-year probability of survival after an R0 resection, even if no treatment-related variable was included. Our study is slightly different, as it provides a prediction of the risk of tumor recurrence after curative surgery and was performed according to a prospective design, with standard preoperative staging, surgical treatment, and follow-up.
The formula obtained from our model, described in the Materials and Methods and Results sections, can be easily included in every database program, and the prognostic value of the score verified, and in case used, in other institutions. The inclusion of the formula in the database program, with the automatic calculation of the score, could make its use simple and available worldwide. If confirmed by validation studies, it will be possible, upon discharge of the patient, to predict the probability of the recurrence, to plan appropriate adjuvant therapies and follow-up examinations. An adequate selection of patients may increase the effectiveness of adjuvant therapies, and an early diagnosis of relapse may offer a chance of a cure in recurrent patients. 36, 37 Finally, the definition of subgroups of patients with the same prognosis may play an essential role in clinical research on gastric cancer.
